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Perspectives on Miniaturization
Making medical devices smaller is a regular challenge for manufacturers,
as well as their supply and service partners. Enabling these products to do
more while taking up less space is a task every member in the process is
responsible for accomplishing. This month, MDT asked a variety of experts
to share their experiences in addressing this requirement of today's
device makers.
Q: In the effort to make medical devices smaller, what has been the most
challenging obstacle you have faced, and how were you able to resolve it?

Rick Metzger

Rick Metzger Engineering
Manager, Advanced Motion
Controls
Engineering Manager, Advanced Motion Controls
In our case, power devices such as IGBTs and MOSFETs have the biggest influence
on servo drive design. Advances in power device technology have resulted in
reductions in size and thermal dissipation. In fact, these improvements have
allowed us to increase the power density of our products by 840% over the last four
years. To keep the path of miniaturization, we are always on the lookout for
characteristic components.Quite often the first hurdle is to convince medical
equipment manufacturers that products can be made smaller. They may have
tested standard servo drives and verified that all requirements were met except for
one . . . the drives don't fit in the space available. At this point, we work closely with
their design team and discuss a custom solution.
Knowing exactly what the customer requires allows a strip out of anything extra to
produce a lean and space efficient design. In many configurations, we hardwire the
settings and remove switches and potentiometers to dramatically improve reliability
and simplify installation. Strategically placed low-profile connectors have a drastic
effect on volume and wiring. Growing trends are PCB 'plug-in' style servo drives that
remove wiring considerations altogether.
Responsibilities of other components can also be absorbed. Drives can be expanded
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to act as a communications node to peripheral devices. Network accessible I/O
gives the controller access to sensors without additional wiring or the need for a
network I/O board.
Finally, to fit within the allowed footprint, many options are available. With the same
volume, a drive can be long and narrow, square, tall, or flat. A heat sink integrated
as part of equipment housing decreases weight and adds design flexibility. For
example, in one instrument the drive housing was uniquely shaped as part of the
cooling tunnel structure.

Corey Peterson

Corey
PetersonSenior
Design Engineer,
Analog Devices
Inc.
Senior Design Engineer, Analog Devices Inc.
The push for portable medical products has driven development of highly
integrated, application specific IC products. In many cases IC designers are required
to develop systems understanding to gain efficiencies from focusing on key
application requirements and tradeoff non-critical constraints of general purpose
products. Significant cost, power, and size can be obtained from an applications
specific design when the requirements can be generalized into a standard set of
features and target performance. Unfortunately, even when targeting an IC for a
medical application, there may be a broad diversity in performance and feature
requirements depending on end-product market targets. For example, ultrasound is
an application that is greatly benefiting from higher integrated, application specific
ICs for the analog front-end of multi-channel beam-formers. Ultrasound systems
may be handheld and battery operated or cart based and line powered. They can be
used for pre-diagnosis by EMTs, veterinary diagnosis or screening, or clinical
obstetrics or cardiovascular imaging. Ultrasound systems are also used in industrial
applications for non-destruct testing. While at a high level, all of these end products
may have similar architectures, tradeoffs and priorities vary from one ultrasound
manufacturer to another and within these companies, from one product line to
another.While application specific products may benefit from a focused design,
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giving the user programmable ability to make tradeoffs in signal levels, noise
performance, bandwidth, and power is key to meet the diverse needs within these
applications. For ultrasound, programmable gain ranges are useful to accommodate
different probe levels, impedances, and make tradeoffs in input sensitivity and
output dynamic range. Programmable internal amplifier bias allows power and noise
tradeoffs. Bias currents can be linked to sample rate to tradeoff sample-rate and
power. While adding digital control to analog signal path control can be inexpensive
in silicon, analog performance may be limited by the degree of programmability
given. Understanding the range of configurability for an application can be
challenging, but it helps avoid over design in programmability.

Kevin Dunay

Kevin Dunay Market
Segment Leader,
Medical, Bayer
MaterialScience LLC.
Market Segment Leader, Medical, Bayer MaterialScience LLC.
There is an obvious trend in hospitals to move to less invasive procedures that
reduce patient trauma and enable faster patient recovery times. With this trend
comes the need for smaller-sized parts and surgical instruments, many of which
require engineering thermoplastics.The move to miniaturization tends to favor
polymer-based parts and instruments rather than their metal counterparts as
polymers offer increased design flexibility and potential cost reduction due to parts
consolidation. Commodities such as PVC, PE, PP, PS, and others continue to
dominate the market. However, engineering thermoplastics use continues to grow
at higher rates than that of commodity resins.
The functional challenges for miniaturization are primarily with the medical device
manufacturers. The challenges from the material side are limited to moldability and
the retention of material performance in very thin walls. Our high-flow Makrolon
polycarbonate medical grades have been able to assist in addressing these issues.
These grades are able to fill thin, small components and provide exceptional
toughness.
For example, Alcon Grieshaber AG, a leading medical technology manufacturer
based in Schaffhausen, Switzerland, recently developed a new generation of
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surgical instruments to help combat vision-impairing retinal disease. The company's
Grieshaber Revolution DSP micro forceps and scissors feature eight individual
components made of Bayer MaterialScience's Makrolon 2458 polycarbonate. One
polycarbonate component of the single-use operating instrument is a basket of thinwalled ribs that forms part of the instrument body. The ribs required sufficient
strength, stiffness, and toughness. In addition, the polycarbonate's excellent
dimensional stability helped make it possible for this delicate injection-molded
component to be easily demolded and for the forceps and scissors to work reliably.

Michael Curran-Hays

Michael CurranHays Global
Practice Leader,
Life Science
Industry, KepnerTregoe Inc.
Global Practice Leader, Life Science Industry, Kepner-Tregoe Inc.
My clients tell me the biggest challenge in making medical devices smaller is
probably "produce-ability" as measured by the consistency and reliability of device
performance. Miniature devices are exponentially more sensitive to
variationmanufacturing process variations, geometric tolerancing, material
properties, environmental conditions, etc. And despite thorough testing efforts
during development, it's difficult to fully anticipate (and test for) the combination of
variables that will be realized six, 10, 24 months down the road, when market
penetration has occurred, production is scaled-up, and component and material
batches are more frequent. Such circumstances may cause performance deviations
with a mini-device that its big brother never experienced. As a result, when
performance deviations occur with a highly sensitive system, it's vital to follow a
thorough problem analysis to determine the root cause of any variations.Another
thing that concerns my medical device clients is in the "making things smaller"
category as it has to do with electronics. In the electrosurgery industry, which
requires relatively low volumes and unusual power requirements, companies
populate some of their own through-hole boards. Component sizes make it difficult
for many of them to be labeled so it is easy to either mis-orient a part or to place a
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part with the wrong value, for instance capacitance. There is no way short of testing
to tell if a supplier mislabels a part. Putting incorrect parts on a board, even if the
product is still operable, is an issue in this industry. Using a thorough and well
understood problem analysis and decisions analysis process will help companies fix
issues when they are spotted, as well as in choosing the best parts suppliers.

Dennis W. Norwich, P.E.

Dennis W. Norwich,
P.E. Process
Engineering
Manager, Memry
Corp.
Process Engineering Manager, Memry Corp.
The single largest trend that Memry has seen in recent years from our customers is
the trend towards miniaturization. The devices that our customers require are
getting smaller, more complicated, and more technically challenging all the time.
This trend is clearly driven by the increase in minimally invasive surgical procedures
that reduce both patient recovery time and cost.The drive for miniaturization has
really challenged our engineers and operators, but they have risen to the occasion.
Tooling must be precise and made with very tight tolerances making CNC
machining a must. Material selection for the tooling is also very important. The
dimensions are small and the tooling must stand up to the high forces and
temperatures developed during the device fabrication process. The actual device
materials are often specified by our customers. We will advise them if another
material will perform better for their specific application. All of the fabrication is
done under high powered microscopes with miniature fixtures, hand tools, and high
precision automation and motion control where appropriate. Micro manufacturing
also requires highly skilled operators with a steady hand, patience, and a desire for
perfection. Memry has invested in micro laser drilling, micro plasma welding, and
micro coiling equipment. We have also designed and built equipment in house to
apply micro atraumatic end treaments to wires as small as 0.003 in diameter. This
same equipment can be used to chamfer and radius the outside and inside
diameters of micro tubes. Optical programmable inspection equipment is used both
to verify that the tooling is correct and to inspect the production parts.
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Dr Gillian Davis

Dr Gillian Davis Commercial
Director, Dolomite
Commercial Director, Dolomite
Dolomite develops microfluidics devices. Microfluidicsoften called 'lab on a chip'uses
microfabrication techniques to create devices capable of micro-scale fluid control
and measurement. Fast prototyping of device designs is achieved in glass
substrates whereby micro channels are etched to create a microfluidic system that
can mix fluids and reagents in preparation for measurement and analysis. For
volume production of disposable devices, the prototype design can be used to
create a glass master for CD-style replication in plastic.There are many important
benefits of microfluidics. Being able to manage fluids in microscale not only enables
the development of smaller point of care systems and analysis equipment but also
enables the development of faster and more accurate medical equipment. A further
benefit is that using microscale techniques reduces the volume of fluids and
reagents required, therefore reducing the cost of reagent usage and minimizing
waste.
Microfluidics is not a new science, but only recently have companies such as
Dolomite developed the advanced design and fabrication techniques necessary to
make it the mainstream technology available to medical device manufacturers.
One major challenge has been that fluids behave very differently in the micro-scale,
with surface tension and viscosity dominating their dynamics. This means that the
design of these devices is a complex business that applies fluid dynamics, thermo
dynamics, and considerable engineering and modeling expertise.
As the range of applications for microfluidics in the medical device field increases,
rapid prototyping is another major challenge. At Dolomite, glass substrates are
most often used due to the speed with which devices can be prototyped and the
optical transparency of this material. Novel microfabrication techniques have had to
be developed, which are capable of creating microchannels and complex structures
in the glass (or sometimes quartz or polymer). The main fabrication processes are
photolithography, wet etching of microchannel structures, micro-drilling of fluid
ports, thermal bonding, and surface modification.
Dolomite's investment in the equipment, expertise, and software that is required to
deliver this technology has been considerable, but the growth in new projects and
the long term, commercial potential of this emerging technology is easily justifying
Dolomite's decision to create one of the best facilities available worldwide.
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Michael Mansfield, Ph.D

Michael Mansfield,
Ph.D Applications
Development
Manager, Millipore
Corp., Diagnostics
Business Unit
Applications Development Manager, Millipore Corp., Diagnostics Business
Unit
Miniaturization of medical devices that include microporous membranes presents a
unique manufacturing challenge. The membrane must be adhered or affixed to the
housing without damaging the membrane's microscopic pore structure. With typical
medical device manufacturing, membranes are attached to the housings using
standard heat sealing methods. As the device is miniaturized, the size of the
membrane is reduced, causing the same amount of heat energy to be focused on a
much smaller membrane surface area during the sealing process. Overheating and
melting of the membrane surface can occur. Once this happens, the pore structure
of the membrane collapses, leaving a solid film. The way to avoid this problem is to
search for other means of sealing.Insert molding and ultrasonic welding are
excellent alternatives to the heat sealing method. Insert molding requires the
device to be designed around the injection molding process. In this case, the device
is designed as an integral unit with the sole focus of a finished product being
ejected from the molding machine. The device is molded around the membrane,
and an integral seal is achieved by penetration of the plastic into the pores of the
membrane. Alternatively, ultrasonic welding eliminates the chance of overheating
the membrane. Here, the designer must correctly design the horn and energy
directors as well as specify the energy level for successful assembly of the finished
medical device. Even when designed properly, a thorough Design of Experiment
exercise is required to ensure a robust manufacturing assembly process.
In summary, designing smaller, less obtrusive medical devices requires creativity
and innovation. To help you through these challenges, seek out and apply new
technologies and methods for your manufacturing needs.
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Robert Stanton

Robert Stanton
Director of
Technology,
Omnetics Connector
Corp.
Director of Technology, Omnetics Connector Corp.
Chip technology has allowed medical electronic devices significant increases in the
functions they provide and an increase in portability for the body, in the catheter, or
the portable equipment they serve. Probes, catheters, scopes, and cameras all
require highly miniaturized connector and cable interconnecting systems to serve
the main control instruments. Those connectors and cable systems must be
dramatically changed to serve many of these applications. Examples include dental
camera chips that are placed in the mouth for image processing, catheters
containing temperature probes inserted into the brain, or wiring to cochlear
implants that must fit behind the ear and yet withstand daily abuse of external wear
by highly active children. The wiring must be small, feel good, look excellent, have
high flexibility, and yet, withstand shock, vibration, and high moisture exposure.
The connectors must function over long periods with a high rate of mating cycles by
the user. Often the connector and wires are highly miniaturized custom systems
designed to look as one unit. The combination of the probe, connector and cable
must flow together as one completed, high quality integral unit. It must look
"medical" and be acceptable to the daily practitioner and the patient. To solve this
problem, we used solid modeling systems and developed a family of nano-sized
connectors that can be "built-in" to the probe tip, catheter, or instrument handle.
These mini-connectors, with cable attached are then over-molded with very thin
wall thicknesses to keep the product miniaturized. Medical instrument designers
can go online and interact with the solid model connectors to customize their shape
and size to fit into their systems needs.

Jonathan Bearfield
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Jonathan Bearfield
End Equipment
Marketing
Engineer, Texas
Instruments
End Equipment Marketing Engineer, Texas Instruments
The demand for portable and miniaturized medical electronic devices has impacted
everything from semiconductor packaging to communication interfaces, battery,
and display technologies.Chip-scale packaging, bare die, and flexible/foldable
printed circuit boards have provided a significant "shrink" in the overall system
space electronics consume. Combine these with new bonding and solder flow
techniques and medical systems have become portable, while some are even small
enough to swallow.
Even with these advances, miniaturizing portable electronics remains limited by the
size of the human interface (keypad), battery, and power supply. The human
interface size is easily reduced by leveraging touch screen controls. This completely
eliminates the need for any keys or buttons on the medical device, and even allows
for multilevel, customizable menus. This can be taken a step further by leveraging
low power wireless interfaces for near-field communication to a remote display and
human interface. With this, patients will be able to wear medical devices such as
monitors that synchronize with a display in the doctor's clip board, optimizing size
and cost of the entire monitoring infrastructure.
For portable electronics, operational runtime truly is a key concern. Reducing the
battery size and power supply can impact this. Many of today's semiconductor
solutions have been optimized for portable electronics. Thus, realizing great
performance takes fractions of the power needed just five years ago. This, added to
new battery chemistries as well as improvements in battery management
techniques such as impedance tracking, allows us to achieve the same number of
amp hours out of much less battery volume than ever before.
In short; the technology exists today in terms of packaging, assembly, usability, and
power management to take many applications far beyond simply being portable
into a world of miniaturization.
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